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Amendments to the specification 



Please amend the title as follows: 

MULTI-PASS TUNABLE OPTICAL SPECTRUM ANALYZER FILTER USING HAVING A 

POLARIZATION-DEPENDENT TUNABLE FILTER ELEMENT, AND MULTI-PASS OPTICS 
THEREFOR 

Please amend the paragraph beginning at page 1, line 8 as follows: 

The invention relates to tunable optical fillm, and cspuciallji tu tunable optical films 
suitable fm use in optical analysis. The invention afe© relates to optical analyzers perse 
comprising a tunable optical filter and to multi-pass optics for passing a light beam repeatedly 
through an o ptical ilun e iit, &mh aj, an . t he aiiak-tunabl u the tunable op tioal filter 

Please delete the two paragraphs beginning at page 3, line 10 and ending at page 3, line 22 and insert 
the following paragraph: 

In accordance with the present invention, there is provided an optical spectrum analyzer 
apparatus comprising: 

an inherently polarization-sensitive tunable filter element; 

polarization-maintaining optical means for defining paths whereby a light beam is directed 
to traverse thepolarization-sensitive tunable filter element a predetermined number of times; [[and]] 

a polarization control module for receiving input light for analysis, decomposing the received 

input light into its ordinary and extraordinary components to produce first and second light beams 

having respective mutually orthogonal linear states of polarization, and applying the first and second 

light beams to the tunable filter element by way of the optical means with their states of polarization 

parallel to each other and to one of the principal axes of the tunable filter element, 

means for adjusting the tunable filter element to select different wavelengths of the input 
light; and 

means for detecting the first and second light beams leaving the tunable filter element and 
detecting energy at each of said different wavelengths, 

wherein the polarization control module comprises means for rotating the state of 
polarization of at least one of the first and second light beams relative to the state of polarization of 
the other of the first and second light beams before application to the tunable filter element, said 
rotating means comprising at least one polarization-maintaining fiber. 

Delete the two paragraphs beginning at page 3, line 34 and ending at page 4, line 13. 
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Amend the paragraph beginning at page 4, line 14 as follows: 

In embodiments of the fust and w, W ud flhpcLli o f die hutuliuii, Uic The tunable filter 
may be an inherently polarization-sensitive filter, for example, an angle-tunable filter, such as 
an angle-tunable Fabry-Perot filter, or an anghvtuned thin film dielectric filter. 

Delete the paragraph beginning at page 4, line 1 7 and ending at page 4, line 20. 

Delete the paragraph beginning at page 4, line 30 and ending at page 4, line 35. 

Amend the paragraph beginning at page 5, line 1 as follows: 

Multi-pass optics which use a pair of right-angle reflectors are susceptible to errors 
caused by deviation of the reflective surface from a true right angle, causing misalignment of 
tiielightbeam in proportion to the number of reflections. This problem is addressed by trtbird 
aspect uf the piusuut invention. 

Amend the paragraph beginning at page 5, line 5 as follows: 

In aLiui Jauu, wi t h Uic Qiiid an aspect of the invention [[J] in which a polarization- 
maintaining multi-pass optical means comprises a pair of right-angle reflectors each having a 
pair of reflective surfaces arranged at right angles to each other and juxtaposed so that a light 
beam incident upon one of the reflectors substantially obliquely to one of the reflective surfaces 
thereof is reflected by both reflective surfaces thereof to emerge substantially parallel to the 
direction of incidence, being incident upon the other reflector obliquely to one of its surfaces 
and being reflected by both surfaces to emerge substantially parallel to the direction of 
mcidence, the arrangement being such that the light beam is reflected by each reflector surface 
a predetermined number of times and an equal number of times in each direction. 

Amend the section captioned BRIEF DESCRIPTION OF THE DRAWINGS as follows- 
BRIEF DESCRIPTION OF THE DRAWINGS: 

Embodiments of the invention will now be described by way of example only and with 
reference to the accompanying drawings, in which: 

Figure 1 is a schematic block diagram of an optical ap* ^ ana)v7ftr .^ .^ „ 
polarisation control module, a multi-pass tunable optical filter unit using and a polarization- 
dependent filter element; 

2 if> * Uu dE aeh "mHk Jiabituu uf an uplkal ly^u urn analyzer iauuipui Aiiug die 
mulU-pa&& angle- umul film unit uf Figum -fr 
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ill the op t ical sp e ctrum analyz er o f Figure 2; 

Figu r e 4 is a bl o ck schemati c illus tr a t i o n of an al t ernative embodim e nt of an o p t ical 

spectrum analyz er using o nly o ne detector. 

Figure [[5]] 2 is a schematic side view diagram which illustrates a beam path in the 
multi-pass optics of the angle-tuned filter unit of Figure 1 and which provide an odd number of 
passes through the filter element; 

Figure [[6]] 3 is a schematic side view diagram which illustrates a beam path in a multi- 
pass angle tuned filter unit similar to that shown in Figure [[2J] I, but which provides an even 
number of passes; 

Figures 7 a n d 8 4 and 5 are schematic side view diagrams which generally illustrate 
examples of beam paths in alternative multi-pass angle-tuned filter units which provide an odd 
number of passes and an even number of passes; 

Figures 9 A and 9 D fiA and 6B are schematic side and plan view diagrams which 
illustrate a further example of a multi-pass angle-tuned filter unit; 

Figures iOA and 10B 7 A and 7B are schematic side and plan view diagrams which 
illustrate yet a further example of a multi-pass angle- tuned filter unit; 

Figures 11A and 11D 8A and 8B illustrate an example of a hollow roof mirror which 
may be used in the multi-pass angle-tuned filter units illustrated in Figures 5, 6 , 1 OA and 10D 
2* 3. 7A and 7B : 

Figures llCandllD 8C and 8D illustrate an example of a hollow roof mirror which 
may be used in the multi-pass angle-tuned filter units illustrated in Figures 8, 9A and 9D 4> 
5, frft and 6B; 

Figures 12A and 12B 9A and 9B are perspective views of porro prisms which may be 
used in the multi-pass angle-tuned filter units illustrated in Figures 5, 6 , 9Aaud 9 B 4. 5. 6A and 
SB; 

Figure [[12C]] 9C is a perspective view of a pi prism which may be used to provide 
reflectors in the multi-pass angle-tuned filter unit; 

Figure [[13A]] lOAis a side elevational view of another example of a multi-pass filter 
unit using a pair of pi prisms each being generally similar to that shown in Figure [[1 2C]] 9C; 
and 

Figures 13D, 13C and 1 3D 10B, lQCandlODare further views of the multi-pass filter 
unit illustrated in Figure [[13 A]] 10A . 

Amend the paragraph beginning at page 6, line 29 as follows: 

In various of the Figures, the filter element is depicted as being an angle-tuned filter. As 
mentioned above, angle-tuned filters are wavelength tunable, but have the disadvantageous 
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characteristic of being polarization-sensitive. The multi-pass gntica . 1 spectrum analyzer with 
a ^ration-sensitive angle-tuned filter unit shown in Figure 1 overcomes this problem by 
uiundiwg miiift ™™™ti™ ortho ^ nai ^omnonents of the input light beam jnto two linearly- 
polarized light h fta ms. rotating the polarisation state nf either or both of the beams so that they , 
are paralld. and, using polarizanon-mamtaining multi-pass optics. [[for]] directing thetwfi light 
beams through the filter. Thus, the angli-Umcd oplieal iilUu unit 10 optical spectrum analyzer 
comprises » multi- pass tunable optical fi1 tftrnr.it 1 0 formed by an angle-tuned filter element 1 1 
[[,]] and multi-pass optics parts 12A and 12B, and a control unit 13 which controls the angle of 
the filter element 11 mlmown manner to select diffei^t wavelengths (actaallyrian-o 
bands). The tunable filter element 1 1 is disposed between the multi-pass optics parts 12A and 
12B. Linearly-polarized light enters the multi-pass optics part 1 2A which directs it through the 
tunable filter element 11 a first time to the multi-pass optics part 12B, with its state of 
polarization parallel to one of the principal axes of the filter element 1 1 and to a preferred plane 
of incidence through the multi-pass optics parts 12A and 12B, as will be described later. The 
latter returns the light through the tunable filter element 1 1 in the reverse direction, The multi- 
pass optics parts 12A and 1 2B repeat this process several times until the light emerges from one 
of them. In Figure 1, the light is shown leaving optics part 12B, but that is optional; it could 
leave via optics part 12A. As will be described in more detail later, the multi-pass optics parts 
12A and 12B are configured so that, providing the state of polarization of the light beam is 
parallel or perpendicular to the particular orientation of the optics, it remains the same during 
traversals of the tunable filter element 1 1 . 

Amend the paragraph beginning at page 7, line 13 as follows: 

The principal axes are perpendicular to each other in the plane of incidence. Hence, in 
Figure 1 , the first principal axis P 1 wotrKrpe extends north-south in the plane of the paper and 
the second principal axis foot shown) extends would be perpendicular to the paper. The ATF 
1 1 is shown being r otated about an axis parallel to the se cond principal axis PI . 

Amend the paragraph beginning at page 7, line 17 as follows; 

Preferably, the The input light is first decomposed into its ordinary and extraordinary 
component light beams having mutually orthogonal linear states of polarization and both light 
beams are passed through the multi-pass optics 12A/12B and the tunable filter element 1 1 with 
their states of polarization parallel to each other and one of the principal axes of the filter 
element 1 1 so that they follow identical paths but offset one laterally relative to the other. The 
I w u light beams t hen may be reeombiued. An o ptical s p ectrum analyzer - using bwAi a multi-pass 
t unable optical fll t ei will now be described wi t h lefeicmc to Figures 2, 3 and 4. 
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Amend the paragraph beginning at page 7, line 25 as follows: 

The optical spectrum analyzer illustrated in Figure 2 Figure 1 advantageously permits 
an efficient use of a polarization sensitive filter. In Figure 2 Figure L the optical spectrum 
analyzer is shown to be receiving a light beam 14, which may include wavelengths anywhere 
from the infrared through the visible spectrum, for example those wavelengths which are used 
for high density wavelength division multiplexed (HDWDM) telecommunications. The optical 
spectrum analyzer includes a polarization control module (PCM) 15, the multi-pass tunable 
optical filter unit 10, a pair of detectors 16 and 17, and an adder 18. In addition to controlling 
the filter element 1 1 to select different wavelengths, or to scan a spectral band of interest over 
a period of time, the filter control unit 13 controls an output buffer 19. The PCM 15 splits the 
light beam 14 into two light beam components 14o and 14e which, initially, are linearly 
polarized but in orthogonal directions, x and y, and then rotates one or both of them until their 
states of polarization are parallel to each other and to one of the principal axes of the tunable 
filter element 10, This entails relative rotation of the states of polarization through 90 degrees 
since the light beams 14o and 14e are orthogonal to each other at the outset. 

Amend the paragraph beginning at page 8, line 3 as follows: 

Assuming for convenience of discussion that the light beam 14o with the ordinary state 
of polarization is already aligned with the principal axis of the optical filter element 1 1 , the state 
of polarization of light beam 1 4e must be rotated through a quarter turn in the PCM 1 5 . The two 
light beam components 14o and 14e pass via mutually exclusive paths through the multi-pass 
tunable optical filter unit 10 and the selected wavelengths leave the optical filter unit 10 via 
paths 14eoand 14oo and impinge upon the detectors 16and 17, respectively, which detect their 
energy intensities P,, and P t „ Corresponding electrical output signals from the detectors 16 and 

17 are combined in the adder 1 8 to provide a combined intensity P of the beams: P - PA, i PB^ 
P = AP r + BP t . If a precise value is not critical, the electrical signals are summed by the adder 

1 8 to provide an electrical indication of energy in a spectral band about the tuned wavelength. 
For polarization independence, the detectors 16 and 17 are calibrated using known references, 
i.e. by rotating a reference linearly-polarized light beam until the output of detector 16 is a 
maximum and die output of detector 17 is a minimum, and vice versa. 

Amend the paragraph beginning at page 8, line 33 as follows: 

Although the optical spectrum analyzer shown in Fi gur e 2 Figure 1 is especially suitable 
for use with polarization-sensitive filters, it is envisaged that the angle-tuned filter 1 1 might be 
replaced by a polarization insensitive filter. In this specification, "polarization-sensitive" means 
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one or more of <T) polarization-dependence of peak transmission wavelength; (ii) polarization- 
dependence of spectral passband (width); (iii) polarization-dependence of peak transmission at 
peak wavelength. 

Amend the paragraph beginning at page 9, line 3 as follows: 

rigmc 3 is a achunalii diagram which Figure 1 illustrates one suitable example of PCM 
IS suitable f or use in cither the OSA o f Figure 2, Conventional polarization notation indicates 
states of polarization of light beams illustrated in Figure 3 Figure 1 . The PCM 15 is shown as 
receiving the input light beam 14, which may be of unknown state of polarization. A lens 21 
collimates the input light beam 1 4 and directs the collimated light beam toward a polarization 
beam splitter 22, conveniently a birefringent element. The beam splitter 22 decomposes the 
collimated beam into its ordinary and extraordinary components to provide two light beams 14o 
and 14e having mutually orthogonal linear states of polarization. The light beams 14o and 14e 
are focusedby lenses 23 and24, respectively, into polarization-maintaining optical fibers 25 and 
26. The opposite ends of the fibers 25 and 26 direct the beams 14o and 14e towards the MPATF 
unit 10 and are oriented relative to the MPATF unit 10 so that the two beams 14o and 14e will 
be incident upon the tunable filter element 1 1 with their states of polarization parallel to each 
other and aligned with one of the principal axes of the tunable filter element 1 1 . Since the light 
beams 14o and 14e enter the fiber 25 and 26 with their states of polarization orthogonal, the 
fibers 25 and 26 must provide 90 degrees of relative rotation of the.states of polarization. In 
Figure 4 Figure!, fiber 26 is shown twisted through 90 degrees relative to fiber 25. In practice, 
of course, either or both of the fibers could be twisted to produce the required rotation. 

Delete the paragraph beginning at page 9, line 24 and ending at page 9, line 32. 

Amend the paragraph beginning at page 9, line 33 as follows: 

FiguiesS to9B Figures 2 to 6B illustrate various configurations suitable for the multi- 
pass angle-tuned filter unit 1 1 . In the multi-pass angle-tuned filter unit of Figure 5 Figure 2. the 
path taken by only one of the collimated light beams, namely light beam 14o, is represented, for 
convenience of illustration, as a simple line. Also illustration of any additional cofflmating lens 
element as may be appropriate along entry and exit light paths is omitted. It should be 
appreciated from Figure 2 Figure 1, which shows the collimated light beams 14o and 14e, in 
plan view, to be side by side, that the path taken by the collimated light beam 14e, though not 
shown in Figure 5 Figure 2, follows an identical path displaced laterally behind the path taken 
by the beam 14o. The multi-pass optics parts 12A and 12B in Figure 1, are represented in 
Figured Figure 3 as right angle solid reflectors 30 and 35. Some examples of preferred right 
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angle reflectors are porro prisms, pi prisms and hollow roof mirrors. In this example, the 
reflectors 30 and 35 are porro prisms, illustrated m section to each have the form of a right angle 
isosceles triangle with bases 31 and 36 arranged spaced apart in substantially parallel 
relationship with respect to one another. The reflector 30 has reflective surfaces 32 and 33 
which meet at a right angle apex as shown. The reflector 35 has reflective surfaces 37 and 38 
which meet at a right angle apex as shown. The angle-tuned filter element 1 1 is positioned 
between the bases 3 1 and 36 and extends beyond each. The reflectors 30 and 35 are shown with 
centre planes indicated by broken lines 34 and 39 respectively, which extend through their 
apexes and are parallel and vertically separated by a distance "D'\ Suitable mounting structures 
for maintaining the angle-tuned filter clement 1 1 and the reflectors 30 and 35 in the required 
position are well known to persons skilled in the optical arts and are not discussed. 

Amend the paragraph beginning at page 10, line 1 8 as follows: 

The light beam 14o is shown to follow a path line 111, which is generally parallel to 
centre plane 39, to traverse the angle-tuned filter element 1 1 and thus complete a first pass 
therethrough. The path line 111 intersects with the reflective surface 37 at about 45 * and thence 
crosses to the reflective surface 38 which it leaves along a reflected path line 1 1 le. Each time 
the light beam is reflected, its propagation direction is, in effect, rotated through 90 degrees in 
the plane of incidence. For convenience, the direction of such rotation will subsequently be 
deemed to be clockwise or counter clockwise about the reflection point The pair of reflections 
at the surfaces 37 and 38 cause the beam path to be redirected through 180* in a clockwise 
direction. The reflected path line llle traverses the angle-tuned filter element 11 in the 
opposite direction so that the beam completes a second pass therethrough to emerge along a path 
line 1 12. The path line 112 intersects the reflective surface 33 at about 45° and thence crosses 
to the reflective surface 32 which it leaves along a reflected path line U2r. The pair of 
reflections at the surfaces 33 and 32 cause the beam to be redirected through 180", again in a 
clockwise direction. The reflected path line 1 12r traverses the angle-tuned filter element 1 1 so 
that the beam completes a third pass therethrough to emerge along a path line 113. The path 
line 1 13 intersects the reflective surface 38 and thence crosses to the reflective surface 37 which 
it leaves along a reflected path line 1 13r. The pair of reflections at the surfaces 38 and 37 cause 
the beam to be redirected through 180" yet again. This time, however, the reflection is in an 
opposite direction, i.e. counter-clockwise. The reflected path line 1 13rtraverses the angle-tuned 
filter element 1 1 so that the beam completes a fourth pass therethrough to emerge along a path 
line 1 14. The path line 114 intersects with the reflective surface 32 at about 45° and thence 
crosses to the reflective surface 33 which it leaves along a reflected path line 1 14r. The pair of 
reflections at the surfaces 32 and 33 cause the beam to be redirected through 180% again in the 
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counterclockwise direction. The reflected path line 1 14r traverses the angle-tuned filter element 
11 so that the beam completes a fifth pass therethrough to emerge along a path line 115. 
Referring back to Frgare-2 Figure 1 for a moment, the output beam l4o' on path 115 
corresponds to light beam Ho, which is detected by the detector 16. 

Amend the paragraph beginning at page 1 1, line 16 as follows: 

Whereas the multi-pass optical elements Q fFigure5 Figure2 cause the lightbeam 
to traverse the filter element 11 an odd number of times, the multi-pass angle-tuned filter unit 
illustrated in Figure, 6 Figure 3 causes the light beam to traverse the filter element 1 1 an even 
number of times. The elements of the MPATF shown in Figure* Figure 3 are similar to those 
of the MPATF shown in fig ure 5 Figure 2 and so have the same reference number, but with a 
prime. In the MPATF in Figure 0 Figurej, the base 3 1 ' of reflector 30' is significantly shorter 
than the base 36' of reflector 37' to allow room for the input beam 14o and the output beam 
14oo to enter and leave, respectively, reflector 37'. The path taken by the light beam is clear 
from Figu r e 6 Figure 3 and so will not be described. 

Amend the paragraph beginning at page 1 1, line 25 as follows: 

Figures [[7 and 8]] 4and5 illustrate alternative configurations of MPATF. In Figure 7 
Figured each of optical elements 40 and 45, be they prisms or mirrors, is capable of reflecting 
through 180* a light beam incident normal to its base. In this example, an apex of reflective 
surfaces 42 and 43 of element 40 is truncated by a flat surface 41a, parallel to its base 41. The 
surface 41a provides a portal for accepting a light beam along a beam path 14o into the optical 
element40. The beam path in this configuration of the reflectors 41 and 42 is shown to traverse 
the angle-tuned filter element 1 1 "n" times, where "n" is an odd number. The optical element 
45 includes reflective surfaces 47 and 48 projecting from a base 46 and intersecting each other 
at a right angle. The angle-tuned filter element 1 1 is positioned between the bases 41 and 46 
and extends beyond each. The elements 40 and 45 are shown with centre planes, indicated by 
broken hues 44 and 49 respectively, which are spaced apart parallel to each other and separated 
by a distance "D". The beam path is illustrated as discontinuous since, in this generic example 
the odd number of passes through the filter element 11 would be dictated by the actual 
dimensions of any particular example of this generic form. A path of the light beam 14o is 
shown to enter the surface 4 la along path line 140, traverse the angle-tuned filter element 1 1 
thus completing a first pass therethrough, and thence follow a path line 141 . The path line 141 
intersects with the reflective surface 48 at a position adjacent the apex and thence crosses to the 
reflective surface 47, which it leaves along a reflected path line I41r. The reflected path line 
141r traverses the angle-tuned filter element 11 so that the beam completes a second pass 
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therethrough in the opposite direction to emerge along a path line 142. Following reflection at 
surfaces 42 and 43, the light beam traverses the filter element 1 1 again. Following multiple 
reflections at the two reflectors, the beam emerges along the beam path labelled ( 1 40+n) . Thus, 
an input light beam 14o which has traversed the angle-tuned filter element 1 1 all "n"times, 
becomes the beam 14oo, shown to exit left to right, and is intercepted by the detector 16 (shown 
in Figu r e 2 Figure IV Though the pair of reflectors in Figu r e - 7 Figure 4 are shown to be 
generally alike, it is not essential for them to be the same. For example, it is envisaged that a 
pair of such elements might be a Poito prism and a hollow roofed mirror. In this case, the 
length of the angle-tuned filter element 1 1 is at least equal to the length of the base 4l 3 which 
itself has a length in excess of twice a product "nD", where 4 V is an odd number and is the 
number of traverses of the angle-tuned filter element 1 1 by die light path. 

Amend the paragraph beginning at page 12, line 20 as follows: 

Figure - 8 Figure 5 illustrates a multi-pass angle-tuned filter unit similar to that shown in 
Fi g ur e 7 Figure 4 but which causes the light beam to traverse the filter element 1 1 an even 
number of times. In the unit shown in Figure 8 Figure 5 . optical elements 50 and 55 comprise 
a pair of right-angle reflectors each capable of reflecting a beam of light through 180°. In the 
reflector 50, reflective surfaces 52 and 53 project from the base 51 perpendicular one with 
respect to the other. The truncated element 50 has a surface 51a parallel to its base 51 for 
accepting the beam Uo into the optical element 50 near what would otherwise be the apex of 
the right angled triangle formed by the reflective surfaces 52 and 53 and base 5 1 . Reflector 
element 55 includes reflective surfaces 57 and 58 projecting from a base 56 and meeting at an 
apex defining a right angle. The bases 5 1 and 56 are spaced apart in a parallel relationship and 
the angle-tuned filter element 1 1 is positioned between them. The reflectors 50 and 55 are 
shown with centre planes indicated by broken lines 54 and 59, respectively, which are parallel 
and spaced apart by a distance "D'\ The beam 14o enters through the surface 51a following a 
beam path 1 50, traverses the angle-tuned filter element 1 1 to complete a first pass therethrough, 
and thence follows a path line 151 , The path line 151 intersects with the reflective surface 58 
and thence crosses to the reflective surface 57 which it leaves, as a reflected path line 1 5 Ir. The 
reflected path line 15 lr traverses the angle-tuned filter element 1 1 so that the beam completes 
a second pass therethrough in the opposite direction to emerge along a path line 152. The light 
beam is reflected back and forth and, following a final reflection from the reflective surface 57, 
traverses the filter element 1 1 for the nth time to emerge following the beam path labelled 
(150+n). Thus, after an even number of traverses, as generically illustrated, and having 
traversed the angle-tuned filter all "n"times, the input light beam 14o becomes the beam 14oo, 
shown to exit right to left, and is intercepted by the detector 16 (shown in Figur e 2 Figure IV 



-10- 
PAGE 1205 * RCVD AT 4/5J2004 6:46:45 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/3 1 DNIS:8729306 * CSID:613 254 9222 * DURATION (mm-ss):1 142 



APR-05-2004 19:02 



ADAMS PATENT 8, TM AGENCY 



613 254 9222 P. 13 



AppLNo. 09/827.141 

Amdt dated April 5, 2004 

RAply to Office action of November 5, 2003 

The exiting beam path (150-rro) is displaced a vertical distance "nD" from the entry beam path 
150 through the surface 51a, or stated differently, a distance "(n-l)D" from the centre lme or 
apex plane 59 of the optical element 55. In this particular arrangement, the optical element 55 
may be larger than the optical element 50, assuring that the beam is directed to exit the filter 
element 1 1 from right to left along the path (1 50+n) after an even number of passes. In this case 
the angle-tuned filter element 1 1 is of greater length than the base 51, that is to be of a length 
m excess of "2nD". 

Amend the paragraph beginning at page 13, line 15 as follows: 

Figures 9 A and 9 D 6 A and 6B illustrate another variation of the multi-pass angle-tuned 
filter unit which includes optical reflectors provided by prisms 70 and 75 arranged about an 
angle-tuned filter element 11. The prism 70 includes reflective surfaces 72 and 73 extending 
from a base 7 1 and converging at a right angle truncated by a flat surface 7 1 a, parallel with the 
base 7L The prism 75 is similar, including reflective surfaces 77 and 78 extending from abase 
76 and converging at a right angle truncated by a flat surface 76a, parallel with the base 76. In 
contrast to the embodiment of Figures [[5 - 8]] 2 to 5 f two light beams enter the prisms 70 and 
75 by way of input paths 213i and 2l4i, respectively, and exit prisms 75 and 70 by way of 
output paths 213o and 214o, respectively. In contrast to the previously described examples, 
these paths are vertically separated but are not necessarily laterally separated. The input path 
213i is incident, left to right, into the surface 7 la, and traverses the prism 70 and the ATF 1 1 
on a straight line before being directed through 180* by the reflective surfaces 78 and 77, 
Following multiple reflections by the two prisms 70 and 75, the path emerges from the base 76, 
a final time, to traverse the ATF 11, from right to left, where it is labelled as the output path 
213o. The input path 21 4i is incident, right to left, upon the surface 76a and traverses die prism 
70 and the ATF 11 on a straight line before being directed through 180 fl by the reflective 
surfaces 72 and 73. Following multiple reflections by the two prisms 70 and 75, the path 
emerges from the base 71, a final time, to traverse the ATF 11, from left to right, where it is 
labelled as the output path 214o. Any light beams having traversed the ATF 1 1 via either of 
these beam paths emerge confined to a narrow spectral width as selected by the ATF 1 1 and are 
detected by the detectors 16 and 17. 

Amend the paragraph beginning at page 14, line 1 as follows: 

Figures 10A and 10B 7A and 7B illustrate a variation of the multi-pass angle-tuned filter 
unit which includes optical reflectors provided by prisms 80 and 85 arranged about an 
angle-tuned filter element 11 and is suitable for use in the modified OSA described with 
reference to figure 5 Figure 2. The prism 80 includes reflective surfaces 82 and 83 extending 
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from a base and converging at a right angle to intersect along an apex parallel with its base. 
Likewise, the prism 85 is similar, including reflective surfaces 87 and 88 extending from a base 
and converging at a right angle to intersect along an apex parallel with its base. Input light 
beams 14o and 14e are illustrated as following input paths 213i' and 214i% respectively, and 
paths for both output light beams 1 loo and lleo are illustrated as output paths 2l3o' and214o', 
respectively. In contrast to the example in Figures 9A*uJ9D Figures 6A and rtft these paths 
are laterally separated but are not necessarily vertically separated. Any light energy having 
traversed the ATF 1 1 via either of these beam paths emerges confined to a narrow spectral 
width as selected by the ATF 1 1 and are ready for detection. 

Amend the paragraph beginning at page 14, line 15 as follows: 

It should be appreciated that the multi-pass angle-tuned filter units illustrated in Figures 
[[5 to 8]] 2_to5 could be used in a similar manner with two light beams followed by parallel, 
laterally-offset paths. 

Amend the paragraph beginning at page 14, line 18 as follows: 

In any of the above-described embodiments, the reflectors could comprise hollow toof 
mirrors, porro prisms, or pi prisms. Figures HAaudllD 8A and 8R illustrate a hollow roof 
mirror having a body 91 comprising limbs extending normal to one another from an apex to 
provide reflective surfaces 92 and 93. 

Amend the paragraph beginning at page 14, line 22 as follows: 

Figures i lC and HD 8C and 3D illustrate a hollow roof mirror having a body 94 
comprising limbs extending normal to one another from an apex to provide reflective surfaces 
95 and 96. In contrast to the hollow roof mirror in Figures 1 1 A and 1H3 8A and 8B. the limbs 
are interrupted at the apex to define a central opening 96 to facilitate passage of a light beam 
therethrough, enabling the hollow roof mirrors to be used in the MPATFs shown in Figures f [7 
to 9B]] 4to6B . 



Amend the paragraph beginning at page 14, line 28 as follows: 

The porro prism shown in Tiguxe 12* Fjgure9A,comprises a body 120 defined by a base 
121 and reflective surfaces 122 and 123 extending convergingly from the base 121 and joined 
normal to one another along a vertical apex 121a. The porro prism shown in Frgurc42B Fipure 
— is similar to P orro Prism in F i gure 1 2* Figure 9A. but it is viewed with its apex 1 26a in 
a horizontal position. The porro prism in Figure 12D Figure 9B comprises a body 125 defined 
by a base 126 and reflective surfaces 127 and 128 extending convergingly from the base 126 
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and joined normal to one another along the apex 126a, 



Amend the paragraph beginning at page 14, line 35 as follows: 

Figures 12A and 12D 9 A and 9B are presented in the particular orientation shown, as an 
aid to understanding the structure of the pi prism illustrated in the adjacent Figur e 12e Figure 
9C . The pi prism is thus illustrated with structural elements labelled with numbers 
corresponding to those in the Figures * 2A and 12D 9A and 9B . but distinguished with prime 
notations. The pi prism may be viewed as a combination of two porro prisms orientated as 
shown in Figures 12A and 12P 9A and 9B. but altered such that the surfaces 122 and 123 are 
non reflective and a base 121 is reflective, and with surface 123 is abutted to the base 126 
whereby the said surface and base are rendered nonentities. Thus, bodies 120 and 125 
correspond to areas of the pi prism labelled 120' and 125* respectively. A light beam labelled 
120i is shown to be incident normal to the surface 122' and meets the surface 121' where it is 
reflected through a first 90° angle; is directed toward a reflective surface 125' where it is 
reflected through a second 90° angle, but about an axis normal to an axis of the first 90° angle; 
is directed (downwards in the Figure) to the reflective surface 128' where it is reflected through 
a third 90* angle about an axis parallel to an axis of the second 90* angle; is directed toward the 
reflective surface 121' again where it is reflected through a fourth 90 B angle, about an axis 
parallel to the axis of the first 90° angle; and finally is directed to exit the pi prism as a light 
beam labelled 120r normal to the surface 122', 

Amend the paragraph beginning at page 15, line 15 as follows: 

The multi-pass filter unit shown in Figures 13A t o 13B 10A to 10D uses a pair of pi 
prisms 130 and 135 generally similar to the pi prism shown in Figure 12C Figure_9_C and 
arranged spaced one each side of an angle-tuned filter element 11. Figur e 13 A Figure 10A is 
a plan view of the multi-pass filter unit and riguic 13C Figure IPC is a side elevation, while 
Figures 13D and 13D 10B and 10D are opposite end elevations, The pi prism 130 includes a 
reflective surface 133 extending from an edge 134a to converge normal toward a reflective 
surface 132 and join therewith via a transparent flat surface 131a, as shown in Figure 13D 
Figure 10B . Each of the surfaces 13 la, 132 and 133 is joined normal with a transparent flat 
surface 134 which extends to join with a reflective surface 131 along an edge 1 34b, defining an 
interior angle of 45* therewith, The pi prism 135 is similar, and includes a reflective surface 
138 extending from an edge 1 39a to join along an apex at 90* with a reflective surface 137, as 
shown in Figure 13D Figure 10D . The surfaces 137 and 138 are joined normal with a 
transparent flat surface 139 which extends to join with a reflective surface 136 along an edge 
139b, defining an interior angle of 45° therewith. 
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Amend the paragraph beginning at page 15, line 29 as follows: 

Figures 13 A - 13D 10A - 10D show only a single multi-reflected light path for 
convenience of illustration. Operation of the pi prism multi-pass filter unit is illustrated with 
the light path entering the pi prism 1 30 as a light beam 1 30i incident normal to the transparent 
flat surface 13 la. The light path is then reflected from the surface 13 1 and exits the pi prism 
130 via the surface 134. After traversing the angle-tuned filter element 1 1 a first time, the light 
path enters the pi prism 135 normal to surface 139 as shown at a point of incidence "1" in 
Figure 13D Figure 1QP, After reflections from surfaces 136, 138, 137 and 136 again, in that 
order, it exits the pi prism 135 as shown in Figure 13D Figure 10D at a point of departure "2", 
After traversing the angle-tuned filter element 1 1 a second time, the light path enters the pi 
prism 130 as shown in Figur e 13B Figure 10B as a point of incidence "2". After reflections 
from surfaces 131, 133, 132 and 131 again, in that order, it exits the pi prism 131 as shown at 
apoint of departure "3"( FiMuie 1 3D Figure 10BV The light path traverses the angle-tuned filter 
element 1 1 a third time and so on, as generally illustrated in Figuiut I3A* 13D Figures 10A - 
lpJD, until the light path exits via the surface 134 (see Figuie 13A Figure lOA^ at a point of 
egress 130r, also shown as a point of departure "n", to traverse the angle-tuned filter for an nth 
time. Any energies of a light beam having traversed the angle-tuned filter element 1 1 for the 
nth time are directed to and detected by one of the detectors 16 and [[16]] 17. It should be 
realized that the multi-pass filter as illustrated will provide for at least another light path by 
providing another light beam point of incidence laterally spaced from the light beam point of 
incidence 130i in Figure 13 A Figure 1QA and by providing direction from a point of egress 
spaced vertically from the point of egress 130r in Figure 1 3D Figure 10B. to another of the 
detectors 16 and 17. 

Amend the paragraph beginning at page 16, line 14 as follows: 

It should be appreciated that, of the various multi-pass optics arrangements described 
hereinbefore, only those shown in Figures [[5 and 6]] 2^nd3 provide correction for deviation 
of the reflector angle from a true right angle, i.e. by ensuring that, for most or all reflections at 
a surface in a clockwise direction, there are an equal number of reflections in the 
counterclockwise direction. M o re o ver, the multi-pa^ uy t iin exemplified by Figuiej>5 and 0 an d 
3 aie not limi ted lo asc hi a tumble film means or optical spceUum analyzer, but cuuldle u&ul 
irrtrarious ot liei equipment which mea iigul»augleJ reflcetim foi multiple icflucliun& T 

Amend the paragraph beginning at page 16, line 22 as follows; 

It is envisaged that, in any of the mul t ipass tunable filler and OSA's embodiments nf 
the invention discussed in the foregoing, the filter element 1 1 could be doubled or cascaded to 
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yield twice the filter passes of the beam and a further improvement in optical dynamic range. 

Delete the paragraph beginning at page 16, line 28 and ending at page 16, line 30. 

Amend the paragraph beginning at page 16, line 31 as follows: 

It should also be noted that although Figures 1 . 2. and 5 - 10 1 and 2 - 7B show the tunable 
filter rotatable about an axis extending perpendicular to the page and through the middle of the 
filter, it would be possible to rotate the filter about an axis perpendicular thereto, i.e., in the 
plane of the page and extending along tbe length of the filter. 
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